Objective-Chronic therapy with synthetic glucocorticoids has been associated with cardiovascular side effects, although differential interindividual susceptibility to glucocorticoids has been observed. The objective of this study was to identify the molecular mechanisms leading to differential glucocorticoid responses in endothelial cells. Approach and Results-We tested the sensitivity of 42 human umbilical vein endothelial cells (HUVECs) to dexamethasone as determined by changes in gene expression, promoter transactivation, and procoagulant activity. We identified that 16 HUVECs were sensitive in every test, 14 HUVECs were sensitive in at least 1 test and 12 HUVECs were resistant in every test to dexamethasone. Nuclear translocation assays revealed that Dex-sensitive HUVECs have higher basal and Dex-stimulated levels of nuclear glucocorticoid receptor compared with Dex-resistant HUVECs. Cycloheximide assays revealed that Dex-resistant HUVECs have significantly shorter glucocorticoid receptor protein half-lives than Dexsensitive HUVECs. Dex-resistant HUVECs have a stronger interaction of glucocorticoid receptor with the proteasomal recruiting protein, BCL2-associated athanogene 1 (BAG1), as shown by immunoprecipitation assays. Silencing BAG1 expression increased Dex-sensitivity in resistant HUVECs, whereas BAG1 overexpression decreased Dex-sensitivity in sensitive HUVECs. Finally, Dex-resistant HUVECs presented higher BAG1 expression than Dex-sensitive HUVECs. Conclusions-In vitro endothelial sensitivity to Dex varies within individuals and is inversely proportional to BAG1 protein expression and glucocorticoid receptor protein turnover. (Arterioscler Thromb Vasc Biol. 2013;33:1046-1055.)
G lucocorticoids are potent therapeutic agents used for reducing inflammation by targeting inflammatory gene expression in leukocytes. 1, 2 However, adverse side effects of GCs limit the use of these agents and often require further treatment. GCs induce short-term side effects in the cardiovascular system of fetuses, neonates, and adults that include hypertension, dyslipidemia, and thrombosis. [3] [4] [5] [6] [7] [8] Chronic synthetic GC treatment has been correlated with increased cardiovascular risk of heart failure and myocardial infarction. [3] [4] [5] [6] [7] In addition, chronic GC therapy induces similar effects as observed in Cushing's syndrome and the metabolic syndrome, including hyperglycemia, decreased insulin sensitivity, hypertension, and obesity. [3] [4] [5] [6] [7] [8] Nevertheless, the mechanisms responsible for GC induction of cardiovascular side effects have not been fully elucidated and conflicting results suggest significant human variability in response to GCs. Furthermore, GC biological effects vary according to the site of action (vascular smooth muscle, endothelium, myocardium, and macrophages). For instance, GCs induce strong anti-inflammatory profiles in immune cells while inducing a proatherogenic and contractile phenotype in vascular smooth muscle and endothelial cells. [3] [4] [5] [6] [7] [8] Various in vivo studies on GC-induced hypertension have shown an association with decreased levels of the vasodilatory nitric oxide partly attributable to decreased expression of endothelial nitric oxide synthase (eNOS). 9, 10 GCs also decrease vasodilatory prostacyclin levels and increase vasocontractile endothelin-1 levels. [5] [6] [7] [8] Although GCs decrease nicotinamide adenine dinucleotide phosphate oxidase expression in neutrophils, 1, 11 they increase it in endothelial cells resulting in oxidative stress, quenching of NO, and further endothelial dysfunction. [5] [6] [7] [8] 12 Microarray studies have indicated that GCs upregulate genes involved in atherogenesis and hemostasis such as the cell adhesion molecules, prothrombotic genes such as factor VIII, and antifibrinolytic genes such as the plasminogen activator inhibitor-1 (PAI1). 13 More importantly, GCs synergize with other inflammatory mediators in upregulating various cardiovascular risk markers, such as PAI1. 14, 15 GCs mediate their biological effects by the ubiquitously expressed glucocorticoid receptor (GR). 1, 2, [16] [17] [18] [19] [20] [21] [22] Alternative splicing produces 2 main isoforms (α and β), where GRβ is localized in the nucleus and has a dominant negative effect on GRα through the formation of GRα/GRβ heterodimers. [18] [19] [20] [21] GRα is the biologically relevant isoform capable of binding ligand. [19] [20] [21] GRα protein synthesis, signal transduction, and degradation steps are guided by a variety of molecular chaperones that regulate its activity. 22, 23 Bound to HSP70, GRα will undergo conformational changes that result in a folded conformation with low affinity for the substrate. The immature ADP-HSP70-GR complex can bind to the BCL2-associated athanogene 1 (BAG1), repressing GRα transactivation. [24] [25] [26] HSP90 binding to the GR complex leads to the opening of the GR hormone-binding cleft, which allows access to GC ligands. After GC binds to the mature GR form, active GR complexes dissociate from the HSP70-HSP90 chaperone complex and translocate to the nucleus. [16] [17] [18] [19] [20] [21] Once inside the nucleus, the active GRα regulates transcription of numerous genes and is itself regulated by the nuclear chaperone system. [21] [22] [23] For instance, nuclear BAG1 can compete with GR for DNA binding or interact directly with GR to stimulate proteasomal degradation. [24] [25] [26] Various modes of transcription regulation by GR complexes have been described. 27, 28 First, positive regulation of target genes, or transactivation, is mediated by the binding of the GR dimers to the glucocorticoid response element (GRE) domains of enhancer-promoters and thereby upregulating transcription of target genes such as the antifibrinolytic gene PAI1. 29 Negative GREs have also been described for some genes where GR dimers bind and decrease transcription. 27, 28 However, most of the anti-inflammatory effects of GCs have been proposed to be mediated via transrepression. [16] [17] [18] [19] [20] [21] 30 Transrepression does not require GR dimer binding to DNA, and it has been proposed to occur by interaction with other transcription factors, as reported for glucocorticoid-mediated downregulation of eNOS. 9, 10, 30 It is well known that different tissues respond to cortisol and synthetic GCs with different sensitivity. 17, 18, [31] [32] [33] [34] [35] In addition to differential tissue sensitivity, GC sensitivity, measured by a dexamethasone suppression test of hypothalamic control of cortisol secretion, varies greatly between individuals. [4] [5] [6] However, within individuals, GC sensitivity is rather stable. This suggests that, in humans, a threshold for glucocorticoid sensitivity might be genetically determined. Endogenous tissue sensitivity to cortisol has been reported to vary according to GR polymorphisms and isoform expression, differential cortisol metabolism, expression of downstream signaling effectors, and regulation of GR chaperones. 17, 18, [31] [32] [33] [34] [35] [36] [37] To date, the molecular mechanisms responsible for interindividual variability in response to GCs remain incompletely understood.
The objective of this study was to elucidate the molecular mechanisms responsible for human variability in endothelial sensitivity to GCs. Our approach was to examine the in vitro sensitivity of human umbilical vein endothelial cells (HUVECs) to Dex, as determined by gene expression regulation and procoagulant activity. We investigated the molecular regulation of endothelial GR, including GR isoform expression, nuclear translocation, and interaction with the chaperone system. We found significant differences in endothelial sensitivity to Dex that are attributable to differential regulation of the GR protein.
Materials and Methods
Materials and Methods are available in the online-only Supplement.
Results

Differential Sensitivity of HUVECs to Dex-Mediated Gene Regulation and Procoagulant Activity
We hypothesized that endothelial sensitivity to glucocorticoids is set by genetic and epigenetic mechanisms before birth. To test this hypothesis, we first examined the response of 42 HUVECs to Dex-mediated PAI1 upregulation and eNOS downregulation. These 2 genes were chosen because of their relevance to cardiovascular disease and to glucocorticoid regulation by various transcriptional and post-transcriptional mechanisms. [38] [39] [40] [41] [42] [43] Sensitivity was defined by Dex-mediated gene expression regulation in a dose-dependent manner by ≥50% of basal levels. As shown in Figure 1 , of the 42 HUVECs tested, 16 HUVECs responded to Dex-mediated regulation of both PAI1 and eNOS, 7 HUVECs responded to Dex-mediated PAI1 upregulation only, 7 HUVECs responded to Dex-mediated eNOS downregulation only, and 12 HUVECs did not respond to either test. The regulation of PAI1 and eNOS by Dex showed a strong correlation between mRNA and protein levels indicating the likelihood of Dexmediated transcriptional mechanisms of action. Of interest, although all HUVECs originated from healthy pregnancies, Dex-sensitivity was associated with higher maternal body mass index and blood pressure ( Table II in Dex-sensitivity differences were confirmed by additional in vitro assays, which are shown in Tables III through V in the online-only Data Supplement. First, we observed similar differences in Dex-mediated regulation of other genes, including upregulation of Factor VIII, von Willebrand factor, and intercellular adhesion molecule-1; and downregulation of vascular endothelial growth factor A. We also evaluated the ability of Dex to stimulate a minimal GRE-luciferase construct. As expected, Dex-sensitive cells stimulated GRE-mediated transcriptional activation in a stronger manner than Dex-resistant cells. Finally, we performed an in vitro procoagulant activity assay and determined that Dex decreased the activated partial thromboplastin time of HUVECs in Dex-sensitive, but not in Dex-resistant HUVECs. Altogether, we were able to characterize our 42 HUVECs in terms of in vitro sensitivity to Dex to investigate the molecular basis of differential sensitivity to glucocorticoids.
Differences in Dex-Sensitivity Are Attributable to Increased GR Protein Turnover
Although many factors can affect tissue sensitivity to glucocorticoids, it is well accepted that a key factor is the availability and activation of the GRα protein. [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] We analyzed the expression levels of GR isoforms α and β. Real-time reverse transcription-polymerase chain reaction assays revealed that GRα is the main isoform expressed in HUVECs (≈99% of total GR), and that there were no significant differences in either GRα or GRβ mRNA expression between Dex-sensitive and Dex-resistant HUVECs ( Table VI in the online-only Data Supplement). Immunoblotting assays revealed that the major isoforms of GRα in HUVECs are the A (94 kDa), B (90 kDa), and C (82 kDa) isoforms; the GRαD isoform and GRβ isoforms were undetectable. There were significant differences between Dex-sensitive and Dex-resistant HUVECs in GRα protein expression ( Figure 2A ). Although Dex decreased GRα protein levels in both groups, basal and Dex-stimulated GRα protein levels were significantly higher in Dex-sensitive HUVECs as compared with Dex-resistant HUVECs ( Figure  2A ). Next, we studied the degradation rates of GRα protein.
As reported for other cell types, Dex decreased the t 1/2 of GRα protein in both Dex-sensitive and Dex-resistant HUVECs ( Figure 2B ). However, Dex-resistant HUVECs have a shorter basal and Dex-stimulated GRα protein t 1/2 compared with Dex-sensitive HUVECs ( Figure 2B ). The basal t 1/2 of GRα protein was 61±18.3 hours in Dex-sensitive HUVECs and 37.6±17.1 hours in Dex-resistant HUVECs (P<0.05). The Dex-stimulated t 1/2 of GRα protein was 14.5±3.0 hours in Dex-sensitive cells and 8.2±1.6 hours in Dex-resistant cells (P<0.05).
It is well known that GR protein undergoes ubiquitination and proteasomal degradation, and this event is stimulated by GR activation. 35, 37 To determine whether Dex-sensitivity correlated with GR proteasomal degradation, we used the proteasomal inhibitor MG132. We found that MG132 dose dependently increased both basal and Dex-stimulated GRα protein levels in all HUVECs tested and abolished the differences in GRα protein levels between Dex-sensitive and Dex-resistant HUVECs ( Figure 2C ). MG132 also blocked the effect of Dex on GRα protein degradation in all HUVECs ( Figure 2C ). Finally, studies on the levels of GRα ubiquitination using an antibody specific for lysine-48 polyubiquitin chains 44 revealed that Dex-resistant HUVECs have higher basal and Dex-stimulated GRα protein ubiquitination than Dex-sensitive HUVECs ( Figure 2D ). Only 4.1% to 9.5% of total GRα was ubiquitinated in untreated cells, and Dexresistant cells showed 2.4-fold higher basal GRα ubiquitination and increased synthesis of lysine-48 polyubiquitin chains than Dex-sensitive cells ( Figure 2D ). These data strongly indicate that Dex resistance in HUVECs is associated with increased GRα protein turnover by the ubiquitin-proteasomal system.
Differences in GR Protein Degradation Rates Are Linked to Differential BAG1 Chaperoning
GRα protein is tightly controlled by a complex chaperone system that determines the degradation, maturation, and transcriptional activation of GR complexes. [22] [23] [24] [25] [26] We performed immunoprecipitation assays to study the protein-protein interactions of GRα with the chaperone system ( Figure 3A ; Figure We observed a 2-to 3-fold higher basal and Dex-stimulated interaction of GRα with BAG1 isoforms in Dex-resistant cells compared with Dex-sensitive cells ( Figure 3A and 3B). GRα protein interacted with the 3 endogenous isoforms of BAG1, in the order of S>M=L ( Figure 3A and 3B ). We also found increased recruitment of the C terminus of HSC70-interacting protein (CHIP) to the GR complexes after Dex stimulation in all HUVECs, and this interaction was stronger in Dexresistant HUVECs compared with Dex-sensitive HUVECs (Figure 3A and 3C) .
We then investigated the basal and Dex-stimulated expression and subcellular localization of GRα and its chaperones. GRα translocated rapidly into the nucleus on ligand binding in both Dex-sensitive and Dex-resistant cells ( Figure 3D and 3E). However, the levels of nuclear GRα protein were higher in Dex-sensitive compared with Dex-resistant HUVECs (Figure 3D and 3E ). We found that only BAG1, CHIP, and to a lesser extent FKBP52 and HSP70 were significantly present in the nucleus after Dex stimulation and GRα nuclear translocation, whereas the other chaperones reside mainly in the cytosol ( Figure 3D; and Figure IIB in the online-only Data Supplement). Furthermore, Dex-resistant HUVECs show higher levels of all BAG1 isoforms, in particular of nuclear BAG1M and BAG1S ( Figure 3D and 3F ). There were no significant differences in the cytosolic/nuclear levels of the remaining GR chaperones ( Figure 3D ; Figure IIB in the online-only Data Supplement). Interestingly, the differences in GR and BAG1 isoform expression were only observed in confluent, but not in proliferating HUVECs ( Figure IIC in the online-only Data Supplement). BAG1L and BAG1M expression was similar between Dex-sensitive and Dex-resistant HUVECs in subconfluent cultures (30%-60% confluence), but their expression decreased at confluence in Dex-sensitive HUVECs, whereas the opposite occurred in Dex-resistant HUVECs ( Figure IIC in the online-only Data Supplement). Therefore, endogenous expression of BAG1 isoforms shows an inverse correlation with GRα expression, with higher GRα protein levels present in cells with lower BAG1 protein expression.
Overexpression of BAG1L, BAG1M, and BAG1S isoforms significantly decreased basal and Dex-stimulated GRα protein levels in Dex-sensitive cells ( Figure 4A and 4B ). All BAG1 isoforms significantly decreased Dex-mediated upregulation of PAI1 in Dex-sensitive cells without affecting basal levels of PAI1 protein ( Figure 4A and 4C ). Furthermore, BAG1 overexpression also blocked Dex-mediated upregulation of FKBP51, another GR-sensitive gene ( Figure IIIA and IIIB in the online-only Data Supplement). Finally, overexpression of BAG1 isoforms decreased basal and Dex-stimulated GREmediated transactivation as shown by luciferase assays in the order of BAG1L>BAG1M>BAG1S, but did not completely block Dex-mediated transactivation ( Figure 4D ). Of note, BAG1 isoform overexpression did not significantly increase the expression of other GR chaperones, such as CHIP ( Figure  IIIA in the online-only Data Supplement).
We then tested the effect of BAG1 silencing on Dexsensitivity. BAG1 expression silencing using Bag1 ORF siRNA decreased the expression of all isoforms with higher silencing of BAG1M and BAG1S ( Figure 5A ). BAG1 silencing significantly increased basal and Dex-stimulated levels of GRα protein ( Figure 5A and 5B) , Dex-mediated PAI-1 upregulation ( Figure 5A and 5C) , and basal and Dex-stimulated GRE transactivation ( Figure 5D ) in Dex-resistant cells. Bag1 ORF siRNA did not silence the expression of other GR chaperones; however, it increased the expression of HSP70 and the Dexmediated upregulation of FKBP51 ( Figure IIIC -IIIE in the online-only Data Supplement).
To confirm our overexpression and silencing studies, we performed rescue siRNA assays. Dex-resistant HUVECs were manipulated to stably express a Bag1 ORF rescue gene. Further exposure to Bag1 3αUTR siRNAs led to decreased endogenous BAG1 expression (in particular of BAG1L) in control cells, but not in Bag1 ORF rescue expressing cells ( Figure 5E ). We then confirmed that BAG1 silencing via Bag1 3′UTR siRNA increased GRα protein expression and Dex-sensitivity (as shown by Dex-mediated upregulation of PAI-1) in control cells, but not in Bag1 ORF rescued cells ( Figure 5E and 5G) .
Finally, we studied BAG1 and GRα protein expression in human coronary artery endothelial cells (HCAEC), HCA smooth muscle cells (HCASMC), human cardiomyocytes (HCM), and human monocytic leukemia cell line THP1.
Human coronary vascular cells and cardiomyocytes express significantly higher levels of GRα protein compared with HUVECs ( Figure 6A and 6B ). However, Dex stimulation only decreased GRα protein expression in HCAECs and HCASMCs, but not in HCM and THP1 cells. Furthermore, HCAECs have similar expression of BAG1 isoforms (S>L>M) to HUVECs, whereas HCASMC and HCM express mostly BAG1S, and THP1 cells only express BAG1L ( Figure 6A and 6C). In addition, primary human vascular cells of various origins express all the components of the GR chaperone system, although significant differences were observed in the To further investigate the role of BAG1 in GRα protein expression in another primary vascular cell type, we manipulated the expression of BAG1 in HCASMCs ( Figure 6D and  6E) . Overexpression of all BAG1 isoforms decreased the levels of basal and Dex-stimulated GRα protein in HCASMCs; however, in contrast with HUVECs, BAG1L induced the strongest effect ( Figure 6D ). Silencing of BAG1S significantly increased the protein levels of GRα in HCASMCs ( Figure  6E ). Altogether, our data indicate that BAG1 is an important regulator of GRα protein turnover in HUVECs, and other vascular cells, and that significant differences in BAG1-GR interactions are correlated with in vitro sensitivity to GCs.
Discussion
In the cardiovascular system, endogenous and synthetic glucocorticoids have been associated with adverse cardiovascular events, in particular myocardial infarct and heart failure. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] Nevertheless, the molecular mechanisms involved in the development of cardiovascular side effects have only been partially elucidated. The complexity of interindividual variability in GC responses is magnified because of genetic variability in both GC pathway-related genes and target genes. Studies on GC sensitivity variability have identified multiple factors as modifiers of GC response, including (1) regulation of GC metabolizing enzymes, (2) GR polymorphisms, (3) GR isoform expression regulation, (4) inflammatory mediator levels and polymorphisms, (5) coactivator and corepressor availability, and (5) differences in the GR chaperoning system. [5] [6] [7] [8] [9] [31] [32] [33] To unravel the mechanisms within the GC signaling pathway that modulate endothelial responses to GCs, we investigated Dex-sensitivity in a panel of 42 HUVECs. Our studies demonstrated significant variability in HUVEC response to Dex, with about one fourth (12/42) demonstrating a generalized lack of sensitivity to Dex, and one third (16/42) demonstrating generalized sensitivity to Dex in a dosedependent manner. Our results were reproducible over the span of various passages and various in vitro assays, suggesting that individual endothelial sensitivity to GCs is determined by genetic and epigenetic mechanisms. Our results could explain the confounding results from multiple research groups showing beneficial, adverse, or no effect of GCs on cardiovascular disease. [5] [6] [7] [8] A key factor in determining GC sensitivity is the availability and regulation of the GRα protein. [22] [23] [24] [25] [26] [27] [28] Dose-response studies demonstrated that all HUVECs were sensitive to Dexmediated decreases in GRα protein levels; however, the sensitivity to Dex-mediated gene expression regulation correlated with basal and stimulated levels of GRα protein. These differences are attributable to faster GRα protein turnover rates in Dex-resistant than Dex-sensitive HUVECs. Increased GRα turnover in Dex-resistant HUVECs correlated with increased levels of BAG1 L, M, and S in the nucleus, increased GRα interaction with both BAG1 and CHIP, and increased GRα ubiquitination. Silencing of BAG1 expression restored Dexsensitivity in Dex-resistant HUVECs, whereas BAG1 overexpression decreased Dex-sensitivity in Dex-sensitive cells. Therefore, our data suggest that increased expression of BAG1 isoforms leads to higher interaction with the GRα protein with subsequent recruitment of ubiquitin ligases, such as CHIP and proteasomal degradation of GRα.
BAG1 can repress endothelial GRα function by at least 3 mechanisms: (1) increased GRα degradation by proteasomal complex recruitment, (2) GRα transactivation inhibition via direct interaction with DNA, and (3) decreased GRα maturation by HSP70-BAG1 interactions. [24] [25] [26] [45] [46] [47] [48] Our studies suggest that, in HUVECs, BAG1 isoforms stimulate GRα protein ubiquitination and proteasomal degradation of both cytosolic and nuclear GRα. Interestingly, others have reported that BAG1S resides exclusively in the cytosol and does not inhibit GR function. [24] [25] [26] However, we identified a fraction of BAG1S in the nuclear extract, and the levels of nuclear BAG1S were higher in Dex-resistant cells. We are the first to report that BAG1S inhibits GRα in endothelial cells. Multiple reports have shown that only BAG1L and BAG1M can inhibit GRα-mediated transactivation. [24] [25] [26] These studies were performed in noncardiovascular cells using overexpression assays where only nuclear BAG1L and BAG1M interact with DNA and directly inhibit GR-mediated gene transcription. [24] [25] [26] However, our data have clearly shown that a significant amount of endothelial BAG1S is present in the nucleus, and that BAG1S overexpression significantly blunts Dex-sensitivity. Although BAG1S does not contain a nuclear localization signal, we hypothesize that BAG1S could be translocated into the nucleus bound to the GR complex where it targets nuclear GRα for proteasomal degradation.
BAG1 also stimulates cell survival processes in response to stress in a GRα-independent manner. [49] [50] [51] For example, BAG1S and BAG1L overexpression was neuroprotective in an animal model of stroke, 52 and BAG1S was cardioprotective in an in vivo model of ischemia/reperfusion. 53 The neuroprotective and cardioprotective effects of BAG1 have been attributed to BAG1-mediated upregulation of HSP70. [49] [50] [51] [52] [53] [54] [55] Furthermore, BAG1L and BAG1M overexpression have shown strong antiapoptotic and cell mitotic effects in cancerous cells, by activating BCL2 and RAF1. 56 It has been reported that BAG1 clients compete with each other to sequester BAG1 proteins. 48, 49 Because BAG1 protein levels are much lower than its clients, a small change in BAG1 isoform expression, or that of HSP70, RAF1, and BCL2, could alter the interaction of BAG1 with GRα, RAF1, BCL2, or HSP70 and, subsequently, alter vascular homeostasis.
Another novel finding of our study is the differential expression of both GRα and BAG1 isoforms in proliferating versus quiescent cells. Interestingly, we did not observe significant interindividual differences in GRα and BAG1 isoform expression in proliferating HUVECs. These data suggest that significant interindividual differences in vascular BAG1 expression are more likely to be observed in quiescent healthy endothelium than proliferating endothelium at angiogenic and wound healing sites, and that decreased vascular BAG1 protein expression could be an early risk factor of stress-induced or GC-induced cardiovascular disease. We found a report on GC resistance associated with decreased GR expression in SMC derived from human vascular lesions but not from healthy tissue, 57 which supports our observations of differential regulation of GR and its chaperones in various vascular cell phenotypes. It is important to note that BAG1 isoforms L, M, and S derive from a single mRNA, 48, 49 thus, BAG1 mRNA levels may not reflect changes in BAG1 isoform expression. Therefore, studies on the expression of BAG1 and GR protein isoforms in healthy and diseased vascular tissues are required to confirm the protective role of BAG1 on vascular health.
For these reasons, we studied the expression of GRα and BAG1 isoforms in adult human vascular cells HCAEC, HCASMC, and HCM. Of relevance, manipulation of BAG1 isoform expression in HCASMCs also resulted in significant changes in GRα protein levels, suggesting an important role of BAG1 isoforms in HCASMC Dex-sensitivity. HCAECs were most similar to Dex-sensitive HUVECs in the expression pattern of BAG1 isoforms (S>L>M), in GRα protein levels, and in GC sensitivity shown by GRα protein decreases and FKBP51 upregulation. HCASMCs were less sensitive, and HCM and THP1 cells were resistant to Dex-induced GRα protein decreases. Resistance to Dex-induced GRα degradation correlated with increased levels of FKBP51 and is consistent with the inhibitory role of this chaperone on GR nuclear translocation and function. [26] [27] [28] Altogether, our studies highly suggest that differential expression of BAG1 isoforms could have an important regulatory role on the expression levels and function of vascular GR. Unfortunately, human studies on the role of chaperones in vascular GC sensitivity are missing. However, several studies have revealed an important role of the heat-shock proteins on cardiovascular disease, and the dysregulation of HSP70 expression in atherosclerosis and coronary artery disease has been confirmed. [58] [59] [60] [61] Therefore, future studies in HCAECs and HCASMCs are necessary to determine whether differential protein expression of BAG1, HSP70, HSP90, or FKBP51 is associated with differences in glucocorticoid-sensitivity in these vascular cells.
Finally, we found of interest the association of Dexsensitivity in HUVECs with higher maternal body mass index and blood pressure. Dex-sensitivity has been often associated with the metabolic syndrome and hypertension, and our small study confirms the importance of these associations. Several studies have linked the +646C>G and the N365S polymorphisms with increased glucocorticoid-sensitivity and the R23K polymorphism with glucocorticoid-resistance. 62, 63 These polymorphisms, however, were not significantly associated with Dex-sensitivity in this study (Table VII in the onlineonly Data Supplement). We are cautious to mention that our study has important limitations, including the small number of subjects, which limits the association studies of rare polymorphisms with GC sensitivity. Another limitation of our study is the exclusion of important endogenous factors (such as blood flow, extracellular matrix, and cell-cell interaction) and their impact on GC sensitivity.
In summary, we have shown that endothelial in vitro Dexsensitivity varies within individuals, with about one fourth of these individuals showing Dex resistance. Decreased GC sensitivity in endothelial cells is attributable to increased GRα protein degradation, a mechanism that can potentially protect the endothelium from harmful steroid effects. Our results, obtained with fetal cells, suggest that endothelial GC sensitivity could be determined before birth because of intrauterine environment factors, and therefore, could lead to differential individual GC susceptibility to endothelial activation, damage, and repair. We are the first to report that Dex resistance in HUVECs is associated with higher GRα degradation and higher BAG1 isoform expression. In addition, we have shown for the first time that human primary endothelial cells are capable of expressing all 3 BAG1 isoforms, and that all isoforms are capable of inhibiting both basal and Dex-stimulated GRα function. Uncovering novel molecular and genetic markers in association with GC sensitivity could prove useful in identifying individuals that are predisposed to GC-induced cardiovascular disease and warrants further investigation.
